Warfarin inhibits vitamin K-epoxide reductase and prevent the formation of vitamin K dependent clotting factors II, VII, IX, and X. It initially has a prothrombotic effect due to blocking proteins C and S before its actual antithrombotic effect begins 1 . It has a slow onset of action, usually started with a dose of 5-10 mg per day and the dose is adjusted according to the values of international normalized ratio(INR). Metabolism is mainly in the liver by cytochrome P-450 enzyme. Many factors such as comorbidities, genetic factors, and drugs can affect the function of this enzyme which can significantly induce or inhibit its metabolism leading to therapeutic problems. Food that are rich in vitamin K can inhibit the action of warfarin. Meta-analysis has shown that 44% of bleeding complications of warfarin is related to INR being above the therapeutic range and 48% of thrombo embolic episodes were related to INR being below the therapeutic ranges 2 . Despite these drawbacks it has its advantages of availability, lower cost, once daily dosing and easily revisable properties.
An ideal anticoagulant would be expected to have a very good safety profile, rapid onset and offset of action, minimum drug and food interactions, predicable anticoagulant effect, wide therapeutic window, no need for monitoring, and have an effective antidote. The new oral anticoagulants (NOAC) demonstrates almost all the above characteristics and therefore increasingly becoming the preferred anticoagulant.
New oral anticoagulants(NOAC)
Previously warfarin was the main oral anticoagulant used and the only alternative had been parenteral 1 
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anticoagulants. NAOC's are now licensed for prevention of thromboembolism in non valvular atrial fibrillation and treatment and prevention of venous thromboembolism. These agents have almost all the advantages mentioned before, probably bring about a reduced overall cost to healthcare system 3 . However, lack offree availability, high cost of medications, lack of specific antidotes, and lack of long term safety data are still some of its drawbacks at present.
Currently there are 2 classes of NAOC's available. First is the direct thrombin inhibitors which act by inactivating fibrin bound thrombin 4 . Ximelagatran was the first approved drug in this class and was later withdrawn in 2006 due to high incidence of liver toxicity. Dabigatran is the next drug which do not cause liver toxicity and is currently approved for use. The second class of NAOC's rivaroxaban, apixiban, and edoxaban act by inhibiting the enzyme Factor Xa which is responsible for thrombin formation 5 . When compared to the action of warfarin which block the synthesis offactors II, VII, IX, and X, these agents block only a single step in coagulation pathway
Venous thromboembolism (VTE)
VTE has a high risk of recurrence and death. Anticoagulants are indicated for the management of both deep venous thrombosis (DVT) and pulmonary embolism (PE). All four NOAC's namely dabigatran 6 rivaroxaban 7 , apixaban 8 and edoxaban 9 are as effective as warfarin or lower molecular weight heparin. Clinically significant bleeding 67 ,9 and major bleeding 10 are significantly less than warfarin. Although it can be safely given as monotherapy in fixed doses without routine laboratory monitoring or dose adjustment, measurement of dug levels may be useful in certain clinical situations
.
Concomitant LMWH therapy for five days is required for dabigatran and edoxaban 12 ,13 but not for rivaroxaban and apixaban 14 ,15. Rivaroxaban and edoxaban can be given as once daily where as dabigatran and apixaban need to be given twice daily. These properties of NAOC's give the advantage of shorter hospital stay or managing VTE in an outpatient setting. NOACs should be avoided in severe renal insufficiency (eGFR <30ml/min) and appropriate dose adjustment and monitoring of renal function at least twice a year be done
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Indrakumar J in those with less severe chronic kidney disease 16 . For the patients with cancer associated DVT, LMWH is superior to warfarin 17 in prevention of VTE and dabiga-tran is as effective as warfarin 18 . Although it has been evident that they are all comparable in efficacy and safety in terms of overall bleeding risks, a retrospective analysis of matched pair cohorts of a large number of participants have shown that in terms of GI bleeding apixaban is the safest with lowest risk and rivaroxaban had the highest risk 19 .
Non valvular atrial fibrillation
Atrial fibrillation (AF) is the most common cardiac arrhythmia in clinical practice and its prevalence increases with age. Approximately 75% of patients with AF are above the age of 65 and is associated with significant mortality and morbidity as a result of thromboembolism. Warfarin is traditionally used for prevention of stroke and is currently the only approved oral anticoagulant for patients with valvular AF (mitral stenosis or prosthetic heart valves).
NOAC's are a suitable alternative to warfarin and is being increasingly used for prevention of stroke or systemic embolism in patients with non valvular AF. It is at least as effective if not better than warfarin. Currently it is not recommended when AF is associated with mitral or mechanical valves. Apixaban 5mg twice daily is superior to warfarin in reduction of incidence of stroke (particularly haemorrhagic stroke), major bleeding and all-cause mortality 20 . Dabigatran 150 mg twice daily is more effective than warfarin in overall reduction of incidence of stroke, intracranial haemorrhage 21 ), and hemorrhagic stroke 22 . Rivaroxaban 15 mg twice daily is as effective as warfarin in reducing the risk of stroke or systemic embolism with similar incidence of major bleeding 23 . Edoxaban is the newest NAOC to be approved is similar in efficacy to warfarin in reducing overall stroke and risk of overall bleeding 24 . With the given evidence showing that all NAOC's prevent strokes at least as effectively as warfarin with less intracranial bleeding and death the 2016 European Society of Cardiology (ESC) Guidelines now recommends NAOCs as first line anticoagulants for non valvular AF in eligible patients.
Choice of NOAC'S
All NOAC's are indicated in the management of VTE or NVAF. However, the choice of NAOC's may be influenced by several factors. In patients with high risk of coronary artery disease or previous myocardial infarction rivaroxaban is more preferable 23 . In patients with a higher risk of stroke (CHADS 2 of 3 or above) dabigatran gives the greatest stroke reduction 25 followed by rivaroxaban as the next best choice 23 .
Apixaban causes less GI bleeding than other NAOC's and is the preferred NAOC in those with high risk of GI bleeding 26 . Rivaroxaban and edoxaban have the convenience of once daily dosing, which is useful to those with poor compliance. Rivaroxaban and apixaban are less dependent on renal elimination and may be safer in those with renal impairment.
Contraindications
Contraindications for its use include cirrhosis of the liver, pregnancy, breast feeding, children, any conditions associated with major bleeding, presence of additional risk factors for bleeding such as antiplatelet drugs and nonsteroidal anti-inflammatory drugs. NOAC's have variable extent of renal excretion and before prescribing a creatinine clearance should be determined. Dose adjustments should be made if the patient has chronic kidney disease. They are best avoided in severe insufficiency (eGFR <30 mL / min). In such patient's warfarin is the anticoagulant of choice. In less severe renal disease (eGFR is 30-50 mL/min) NOAC's are at least as safe as warfarin in terms of bleeding risk 27, 28 . Patients with chronic kidney disease who are started on NAOC's should have their renal function monitored every 3 months and those with normal renal function should monitor every 6 months. Further a liver profile should also be done every 6 months and the drug should be reviewed if there are significant alterations of liver function.
Drug interactions
When compared to warfarin, drug interactions are not a major problem with NAOC's. However, there are some interactions that could significantly alter their anticoagulant effects. Before starting on NOAC a careful drug history must be obtained and once started all new drugs started thereafter should be checked for interactions. Co prescription of an antiplatelet drug with NOAC's increases the bleeding risk and is best avoided unless there is a compelling indications for their use together. All NAOC's are substrates for P-glycoprotein (P-gp) pathway for metabolism and should be preferably avoided in patients taking P-glycoprotein transporter inhibitors or inducers such as ketoconazole, verapamil, and amiodarone (increasing effect) and rifampicin (decreasing effect) 29 . Rivaroxaban and apixaban are metabolized by cytochrome P 450 3A4. Inducers or inhibitors of this enzymes such as ketoconazole, rifampicin, and clarithromycin are preferably avoided 30 .
Laboratory monitoring
NOAC's usually do not require routine coagulation monitoring due to their stable pharmacokinetic properties and absence of significant food and drug interactions. However, in emergency situations like major bleeding episodes, taking overdoses or recurrence of thoromboembolism may require coagulation testing. Unlike the INR
New oral anticoagulants in clinical practice -time to replace warfarin?
(international normalized ratio) test which is used in monitoring warfarin effect, qualitative tests for NAOC's are not widely available. Further, currently these tests unlike the INR use different reagents in different laboratories making it difficult to accurately quantify its effects 31, 32 . Anticoagulant effects of dabigatran can be approximately assessed by prothrombin time (PT) /INR and APTT which are prolonged by its action as thrombin inhibitor. A normal APTT suggest no therapeutic anticoagulant effect of dabigatran. Lack of precise quantitative testing is a drawback when managing major bleeding episodes or treatment failure. The British Committee for Standards in Haematology (BCSH) has made some recommendations for rivaroxaban and apixaban 11 . These guidelines may help the clinicians in situations when laboratory assessment may become necessary.
Recommendations of BCSH
• Each laboratory should know the sensitivity of its own PT and APTT tests to rivaroxaban and apixaban and advise on interpretation.
• The PT or APTT can be used with most reagents for a crude estimation of the relative intensity of anticoagulation due to rivaroxaban but some patients with therapeutic concentrations will have a normal PT or APTT.
• For rivaroxaban the PT is usually more sensitive than the APTT but cannot be used to determine the drug concentration.
• For apixaban both the PT and APTT are insensitive and patients may have normal coagulation times despite therapeutic concentrations.
• Clotting factor assays performed in the presence of Xa inhibitors should include multiple test plasma dilutions and an assessment of parallelism.
Bleeding complications
Although NAOC's are increasingly prescribed over warfarin, their bleeding risks still remains a major concern. Meta-analysis of 12 randomized control trials has shown that when compared to warfarin NAOC's causes significant less major bleeding, fatal bleeding, clinically relevant non major bleeding, and total bleeding 33 . Of the NAOC's apixaban and dabigatran has shown significantly lower risk of any form of bleeding, major bleeding and risk of death when compared to warfarin 34 .
Because of the short half-life of NAOC's (7-14 hours) mild bleeding can be managed by stopping the drug alone for a brief period. When major bleeding occurs standard supportive measures are the mainstay of treatment. Oral activated charcoal is effective in reducing the rate of absorption of NOAC's if given within few hours of taking this drug 35 . Endoscopic and surgical methods (pressure dressings, cauterization, suturing), fluid replacement including colloids, blood transfusion, fresh frozen plasma, platelet transfusion (if platelet counts are low) hemodialysis 36 , administration of prothrombin complex concentrate (PCC), or activated prothrombin complex concentrate (aPCC) are all recommended as treatment measures in severe cases 37 . PCC's have 4 factors (II VII IX X) and currently used to reverse the effects of oral factor Xa inhibitors (apixaban, rivaroxaban, and edoxaban). Other factors that may have predisposed for bleeding such as abnormal renal and liver function, drug interactions should be investigated.
Specific reversal agents for NAOC's are being developed. First agent to be licensed is idarucizumab an antibody fragment administered as a 5 grams' slow iv bolus which specifically binds dabigatran with high affinity has shown to completely reverse the anticoagulant effects within minutes 38 . For oral factor Xa inhibitors a recombinant modified human factor Xa protein, andexanet alfa, has been developed as a reversal agent when given iv bolus it reduces anti-factor Xa activity within 2-5 minutes 39 . This drug is awaiting licensing late this year.
Patients undergoing interventions while taking NAOC's
In patients undergoing minor intervention like tooth extraction, cataract surgery, joint injection and skin surgery, NAOC's can be continued provided peak concentrations are avoided and the procedure performed 12 to 24 hours after the last dose. This is an advantage due to their short half-life. However, in situations where significant bleeding is anticipated the drug should be preferably stopped for 1-2 days before the procedure and restarted 24-48 hours after.
Switching between anticoagulants
When changing from warfarin to NAOC, it's important to ensure adequate anticoagulation is maintained with minimal bleeding risk. After warfarin is discontinued, rivaroxaban should be started when the INR is less than 3 while apixaban and dabigatran should be started when INR is less than 2. On the other hand, if warfarin is substituted for NOAC, warfarin is started concurrently with standard initial doses and the NAOC is stopped after achieving an INR between 2-3.
Other disadvantages
Cost of the drugs is a major drawback. Nevertheless, when considering the indirect total costs of warfarin such as regular INR monitoring, clinic visits, management of bleeding complications which are much higher than NAOC's the difference could be very minimal.
Until now non availability of specific antidote has been a problem in situations like bleeding due to overdose or traumatic injury. Unlike warfarin the experience of using NAOC's is limited to few years only and the long term safety is therefore not known. Additionally, its use is not recommended in those with severe renal and hepatic disease, mechanical or rheumatic heart valves, very young (less than 18 years), pregnancy and elderly.
Conclusion
Warfarin is a time tested anticoagulant that has the advantages of measurable anticoagulant activity, wide availability and safety in those with chronic kidney disease and other wider range of illnesses. It is the only anticoagulant currently approved for valvular AF.
Patient's adherence to long term warfarin treatment is a problem because most patients with AF are older and treatment compliance and regular clinic visits for monitoring can be difficult. This becomes more difficult if they have to travel long distance to clinics complicated by transport problems that exists in less developed areas in Sri Lanka. The advantages of NAOC's over warfarin has made them the gold standard, for use in NVAF and VTE. The issues such as higher cost, absence of readily available antidotes could be overcome in the near future by reducing the cost of these drugs and improving the availability of the drug and its antidotes.
The most recent (2016) ESC guidelines recommends vitamin K antagonist therapy (INR 2.0-3.0 or higher) for stroke prevention in AF patients with moderate-to-severe mitral stenosis or mechanical heart valves. However, for those with non valvular AF a NOAC's (apixaban, dabigatran, edoxaban, or rivaroxaban) are recommended in preference to a Vitamin K antagonist. If non valvular AF patients are already on treatment with a vitamin K antagonist, they may be considered for NOAC treatment if they are not effectively maintained in therapeutic range of INR or having any practical difficulties in using them.
